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@ Thermoformable laminate structure. 

@ A moinsture-resistant, moldable, mermoformaWe laminate 
structure comprising a layer of foamed thermoplastic material 
having a layer of fiberglass bonded to at least one surface. 
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THERMOFORMABLE LAMINATE STRUCTURE 



BACKGROUND OF THE INVENTION 

This Invention relates to thermoplastic material, 5 
and particularly to a thermoformabte laminate struc- 
ture, comprising foam thermoplastic resins. More 
particularly, this invention relates to a moisture-re- 
sistant moldable, thermoformable laminate struc- 
ture which may be molded into complex shapes. 10 
More particularly, this Invention relates to a thermo- 
formable laminate structure having a coating formed 
from fiberglass which is covered with a polymeric 
resin. 

15 

DESCRIPTION OF THE PRIOR ART 

Foam thermoplastic laminates have been used for 
many years. These laminates were most often 
formed as a sandwich structure in which the foam 
thermoplastic material was enclosed between liner 20 
board facings. An example of this construction is a 
polystyrene foam sheet which has a kraft finer board 
facing on each side. This laminate has been used by 
cutting and scoring or by pressing the board and 
applying a resin to fix the pressed shape. However, 25 
the kraft finer board facing is a paper material which 
is not easily molded and which has a tendency to 
wrinkle during any molding of the laminate structure. 

Other efforts have been made to provide the 
laminate structure which may more easily be 30 
molded. A thermoplastic laminate has been formed 
of a layer of foam styrene-maleic anhydride polymer 
to which a thermoplastic polymer skin is bonded. 
This laminate is moldable without the problems 
caused by the earlier developed paper facings. 35 

More recent efforts have provided laminate struc- 
tures formed of molded fiberglass which contains a 
phenol formaldehyde polymer as a binder. A rayon 
scrim is attached to one side of a fiberglass batt 
which is then compression-molded to the desired 40 
shape. 

A further thermoformable laminate structure is 
shown In U. S. Patent No. 4,489,126. A layer of 
foamed thermoplastic material has a coating bonded 
to each of its surfaces. The coating is a fabric 45 
impregnated with an acrylic resin which has a 
softening temperature greater than approximately 
130°C. 
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ft is an object of this invention to provide a 
moldable, thermoformable laminate structure. 

ft is a further object of this invention to provide a 
moisture-resistant moldable, thermoformable lami- 
nate structure formed from foamed thermoplastic 55 
resins which are faced by a fiberglass layer. 

It is yet another object of this invention to provide 
a moisture resistant, moldable, thermoformable 
laminate structure formed from a layer of foamed 
thermoplastic material which is faced by a fiberglass go 
layer coated with an acrylic resin. 

An additional object of this invention is to provide 
a method for fabricating the moisture-resistant, 



moldable, thermoformable laminate structure. 

These and other objects are obtained by the 
thermoformable laminate structure of this invention 
and the method of fabrication described hereinafter. 

The moisture-resistant, moldable, thermofor- 
mable laminate structure of this invention has a layer 
of a foamed thermoplastic material such as foamed 
styrene-maleic anhydride which has first and second 
surfaces. A fiberglass layer is bonded to at least one 
of the first and second surfaces of the layer of 
foamed thermoplastic material- It is preferred that 
the fiberglass layer be bonded to the surface of the 
layer of foamed thermoplastic material by coating 
the surface with a layer of acrylic resin and heat 
laminating the fiberglass layer to the resin coated 
surface. The fiberglass layer may also be impreg- 
nated with an acrylic resin and bonded to the surface 
of the layer of foamed thermoplastic material. Aiso, 
the fiberglass layer may be placed against the 
surface of the layer of foamed thermoplastic material 
and an acrylic resin may then be spread over the 
fiberglass layer to bond ft to the surface. 

This invention includes the method for fabricating 
the laminate structure. The method includes prepar- 
ing a layer of foamed thermoplastic materia) having 
first and second surfaces, coating at least one 
surface of the layer of foamed thermoplastic materia) 
with an adhesive which is preferably an acrylic resin, 
and bonding a layer of fiberglass to the adhesive 
coated surface to form a moldable thermoformable 
laminate structure. The method may also include 
coating the layer of fiberglass with a further layer of 
resin or covering the fiberglass layer with a layer of a 
poryolefin film and bonding the film to the fibergJas 
layer. 

An alternate method for fabricating the laminate 
structure includes preparing a layer of foamed 
thermoplastic material such as styrene-maleic anhy- 
dride having first and second surfaces, coating a 
fiberglass layer with a resin which is preferably an 
acrylic resin, drying the resin impregnated fiberglass 
layer, and bonding the dried resin impregnated 
fiberglass layer to at least one surface of the layer of 
foamed thermoplastic material to form a moldable, 
thermoformabte laminate structure. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
The moisture-resistant, moldable, thermofor- 
mable laminate structure of this invention has a layer 
of a foamed thermoplastic material which has first 
and second surfaces. The layer of thermoplastic 
material is preferably a layer of foamed styrene-ma- 
leic anhydride polymer; however, other foamed 
thermoplastic materials such as foamed polystyrene, 
foamed polyethylene, foamed styrene-acrylonftnle 
polymer and other similar materials may also be 
used. To form the laminate structure, a coating is 
bonded to at least one of the first and second 
surfaces of the foamed thermoplastic material. The 
coating is preferably a layer of fiberglass which is 
adhesively bonded to the at least one surface. 
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Alternatively, the coating may be a resin-impreg- 
nated layer of fiberglass which is bonded to the at 
least one surface or a layer of fiberglass which is 
placed against the surface of the foamed thermo- 
plastic materia) before a resin layer Is placed over the 
fiberglass layer to bond it to the surface. The 
fiberglass layer may be a nonwoven fabric. It may 
even be a layer of parallel fiberglass threads. A thick 
layer of fiberglass is unnecessary; thus, the fiber- 
glass layer may have the thickness of a single layer 
of fabric or of parallel threads of fiberglass, ft may be 
thicker, however, its thickness will be less than the 
thickness of the layer of foamed thermoplastic 
material. 

The resin used with the fiberglass layer is 
preferably an acrylic resin but other resins, such as a 
phenolic resin or a poryurethane resin, may also be 
used. The use of an acrylic resin, which is preferred, 
eliminates the handling problems, such as storage to 
prevent curing and emissions of volatile materials 
which are associated with the use of phenolic resins. 

The fiberglass layer Is bonded to at least one 
surface of the layer of foamed thermoplastic ma- 
terial. This may be accomplished by heat treatment 
during the laminating or by an adhesive which is 
preferably water dispersed. Alternatively, the fiber- 
glass layer may be placed against the surface of the 
layer of foamed thermoplastic material and may then 
be secured to the surface by bonding a plastic 
polymer skin over the fiberglass layer. An acrylic 
resin, phenolic resin, or pofyurethane resin, may also 
be used to bond the fiberglass layer to the surface of 
the foamed thermoplastic material by spreading the 
resin over the fiberglass layer after it is placed 
against the surface of the foamed thermoplastic 
material. It is also possible to add fiberglass fibers to 
the resin to form a fiber-reinforced resin which may 
be spread on the surface of the foamed thermoplas- 
tic material. 

The moldabte, thermoformabte laminate structure 
of this invention is manufactured by producing a 
layer of foamed thermoplastic material having first 
and second surfaces, coating at least one of the first 
and second surfaces with an adhesive, and bonding 
a layer of fiberglass to the adhesive coated surface. 
The layer of fiberglass may be coated with an 
additional layer of resin or it may be covered by a 
layer of a thermoplastic polymer skin which is 
bonded to the fiberglass layer. The additional layer 
will encapsulate the fiberglass layer to provide an 
outer surface on the laminate structure which can be 
more easily handled. 

The moldable, thermoformable laminate structure 
of this invention is also manufactured by producing a 
layer of foamed thermoplastic material having first 
and second surfaces, impregnating a layer of 
fiberglass with a resin dispersed within a solvent, 
drying the resin-impregnated layer of fiberglass, and 
bonding the dried resin-impregnated layer of fiber- 
glass to at least one surface of the layer of foamed 
thermoplastic material with an adhesive to form a 
laminate structure. The addition of the resin-impreg- 
nated layer of fiberglass to the surface of the layer of 
foamed thermoplastic material provides a laminate 
structure which is moisture-resistant and moldable 



and which will retain its molded shape for extended 
periods of time during later use. 

The moldable, thermoformable laminate structure 
of this invention may also be manufactured by 

5 producing a layer of foamed thermoplastic material 
having first and second surfaces, placing a layer of 
fiberglass against at least one of the first and second 
surfaces, and spreading a layer of an acrylic resin, a 
phenolic resin or a pofyurethane resin over the layer 

10 of fiberglass to bond the fiberglass to the surface of 
the foamed thermoplastic material. Instead of the 
layer of resin, a thermoplastic polymer skin may be 
placed over the fiberglass layer and bonded to the 
surface of the layer of foamed thermoplastic ma- 

15 terial. When the thermoplastic polymer skin is used, 
a layer of adhesive may be necessary between the 
layer of foamed thermoplastic material and the layer 
of fiberglass. An example of the thermoplastic 
polymer skin -would be a polyolefin film such as film 

20 made of polyethylene, polypropylene, other similar 
materials or polyvinyl chloride. Films made from 
polymers or blends of low density polyethylene and 
linear low density polyethylene and from high density 
polyethylene have been satisfactory in this service. 

25 The thickness of the thermoplastic polymer skin is 
typically within the range of approximately 0.01 
millimeters to approximately 0.08 millimeters and is 
preferably approximately 0.04 millimeters. < 
The layer of thermoplastic materia! is preferably 

30 foamed styrene-maleic anhydride polymer. Other 
foamed thermoplastic material such as foamed 
polystyrene, foamed styrene acrylonitrile, foamed 
polyethylene, and other similar foamable materials 
may also be used. While there are no limits on the 

35 thickness of the layer of foamed thermoplastic 
material, the thickness Is usually limited to that which 
Is easily laminated. The thickness of the layer of 
thermoplastic material used in this Invention will 
generally be less than 30 millimeters and it is 

40 preferred that the thickness of the layer of foamed 
thermoplastic material be between approximately 2 
millimeters and approximately 20 millimeters. 

A layer of fiberglass is bonded to at least one 
surface of the layer of foamed thermoplastic ma- 

45 terial. The layer of fiberglass may be a nonwoven 
fiberglass fabric. It is also possible to use fiberglass 
fibers mixed into a resin to form a fiber reinforced 
resin layer. The thickness of the fiberglass layer, 
when applied to the surface of the layer of foamed 

50 thermoplastic resin is typically within the range of 
from approximately 0.1 millimeters to approximately 
1.0 millimeters. 

The resin used to impregnate the layer of 
fiberglass is preferably an acrylic resin. It Is not 

55 required that the acrylic resin used In this invention 
be water-soluble as satisfactory results have also 
been achieved using methanol-soluble acrylic re- 
sins, it is also possible to use resins other than 
acrylic resins such as phenolic resins and pofyure- 

60 thane resins. When pofyurethane is used, it is a 
thermoplastic pofyurethane coating. 

The adhesive used to bond the laminate structure 
is also preferably an acrylic resin; however, phenolic 
and potyurethane adhesives may be used. A 

65 preferred adhesive is Gelva® 2404, a high shear, 
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acrylic, pressure sensitive adhesive produced by 
Monsanto Company, Alternatively, a preferred 
potyurethane adhesive is Conap UC-32, produced by 
Conap, Inc. 

The moldable, thermoforrnable laminate structure 
of this invention may be manufactured having a layer 
of fiberglass against only one surface of the layer of 
foamed thermoplastic material. When such a lami- 
nate is manufactured, the second surface of the 
foamed thermoplastic material may remain un- 
coated; however, ft is preferred that the second 
surface also be coated. The second surface of the 
layer of foamed thermoplastic material may be 
coated by bonding a thermoplastic polymer skin to 
the surface, by bonding a fabric layer such as a 
nonwoven or a spun-bonded nonwoven fabric to the 
surface, or by the addition of another layer of foamed 
thermoplastic material such as foamed potyurethane 
Lo the surface, it is sJsc pccciblc to use a 
combination of these or similar materials to form a 
plurality of layers on the second surface of the layer 
of foamed thermoplastic material. 

A layer of fabric may be used as the outer layer of 
the theiTiKrformable laminate structure. When a 
plurality of layers are bonded to the first surface and 
the second surface of the layer of foamed thermo- 
plastic material, a fabric layer may be bonded to one 
or both of the outer surfaces. The layer of fabric will 
provide a decorative finish to the laminate structure; 
however, the layer of fabric also improves the 
acoustical absorption of the laminate structure and 
covers any minor imperfections which may have 
occurred during the manufacturing process. The 
layer of fabric may be formed of a woven or a 
nonwoven fabric. The desired final use for the 
laminate structure must be considered in selecting 
the fabric to be used as different fabrics such as 
polyesters, rayon or nylon have different characteris- 
tics. A preferred fabric is a nonwoven polyester 
fabric, for example, a nonwoven polyester fabric 
such as Duon produced by Phillips Fibers, Inc., a 
Division of Phillips Petroleum Company. Another 
preferred fabric is a nonwoven, spun-bonded, 
polyester fabric such as Reemay produced by E. I. 
duPont de Nemours and Co. When the acoustic 
performance of the laminate structure is important, 
an outer layer of fabric will improve the performance. 
It is important, in theat instance, that the fabric not 
be saturated with the adhesive or crushed during the 
application of the fabric to the surface of the 
laminate structure. 

The bonding of a layer of fiberglass to both the 
first and second surface of the layer of foamed 
thermoplastic material does not prevent the addition 
of further material to the laminate structure, ft is also 
within the contemplation of this invention to add 
layers to one or both surfaces of the layer of foamed 
thermoplastic material in addition to the layer of 
fiberglass. It is thus contemplated to have a layer of 
fiberglass bonded to the first surface of the layer of 
foamed thermoplastic material while a plurality of 
layers of material are bonded to the second surface. 
An example of this would be to bond a layer of 
fiberglass to the second surface of the foamed 
thermoplastic material, a layer of nonwoven fabric to 



the layer of fiberglass, a second layer of foamed 
thermoplastic material, for example, potyurethane r 
polystyrene, to the layer of fabric, and a second layer 
of fabric to the second layer of foamed thermoplastic 

5 material. Among the many possible uses of the 
laminate structure of this Invention is the possibifity 
of its use to form headiiners for use in automobHes. 
For such a use, the multilayer laminate structure 
described above is particularly desirable. 

10 The following examples illustrate the laminate 
structures made in accordance with this invention. 

EXAMPLE 1 

A laminate structure was produced by bonding a 
15 nonwoven fiberglass cloth to the first surface of a 
foamed layer of styrene-maleic anhydride using a 
polyurethane adhesive, Conap UC-32. A 
polyethylene film was bonded to the nonwoven 
fiberglass doth using heat and pressure, that is by 
20 heat lamination. 

EXAMPLE 2 

The laminate structure of Example 1 was pro- 
duced. In addition to the layer of fiberglass bonded 
25 to the first surface, a coating was bonded to the 
second surface of the layer of foamed styrene-ma- 
leic anhydride pofymer. A nonwoven polyester fabric 
was bonded to the second surface using Getva 9 
2404 acrylic adhesive produced by Monsanto Com- 
ae? pany. The laminate structure was formed and tested 
at elevated temperatures, that Is at approximately 
90° C. The mermoformed laminate structure main- 
tained its rigidity, strength and dimensional stability. 

35 EXAMPLE 3 

A layer of foamed styrene-maleic anhydride 
copolymer was coated on its first surface by a 
polyurethane resin. A fiberglass mat was applied to 
the first surface and heat laminated in a press. The 

40 laminated structure was trmrrnoformed and tested at 
elevated temperatures, approximately 90°C. The 
structure retained its rigidity, strength and dimen- 
sional stability during the test 

45 EXAMPLE 4 

A layer of foamed styrene-maleic anhydride rtaving 
first and second surfaces was produced. An acrylic 
adhesive was spread on the first surface of the layer 
of styrene-maleic anhydride foam and a layer of 

50 fiberglass coated with an acrylic resin was bonded to 
the first surface by the acryCc adhesive. More than 
one laminated structure was produced. On some, a 
layer of polyethylene film was bonded to the layer of 
acryHc-coated fiberglass. An acrylic adhesive was 

55 used to coat the second surface of the layer of 
foamed styrene-maleic anhydride. A second layer of 
fiberglass coated with an acrylic resin was bonded to 
the second surface by the acrylic adhesive. On some 
of the laminated structures, a nonwoven polyester 

60 fabric was bonded to the second layer of fiberglass 
coated with acrylic resin. When tested, the laminate 
structures maintained their rigidity, strength and 
dimensional stability. 

65 
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EXAMPLES 

A thermoformable laminate structure was formed 
from a layer of foamed styrene-maleic anhydride 
having first and second surfaces. An acrylic ad- 
hesive was spread on the first surface of the layer of 5 
styrene-maJeic anhydride. An uncoated fiberglass 
mat formed as a nonwoven fiberglass mat with a 
silane binder, was bonded to the first surface of the 
layer of styrene-maleic anhydride by the adhesive 
layer. The uncoated glass mat was covered by a layer 10 
of polyethylene film. The second surface of the layer 
of foamed styrene-maleic anhydride was also coated 
by an adhesive and a nonwoven polyester fabric was 
bonded to the surface. When tested, the laminate 
structures maintained their rigidity, strength and 15 
dimensional stability. 

The rigidity, strength and dimensional stability of 
the laminate structures were tested at 90° C. For 
each test, the laminate structure was molded into a 
shape. The molded piece was held at 90° C with a 20 
relative humidity of 90% for six hours. The molded 
piece was then held at 90°C with a relative humidity 
of nearly zero for twelve hours. Finally, the molded 
piece was again held at 90° C with 90% relative 
humidity for six hours. The dimensions of the molded 25 
pieces changed less than two and one-half percent 
(2.5%) during the test cycle. 

As will be apparent to those skilled in the art, the 
inventive concepts set forth herein can find many 
applications in the art of moidable, thermoformable 30 
laminate structures and many variations on and 
modifications to the embodiments described above 
may be made without departure from the spirit and 
scope of this invention. 



Claims 

1. A moisture-resistant moidable, thermofor- 40 
mabte laminate structure comprising: 

(a) a layer of foamed thermoplastic 
material, said layer having first and second 
surfaces; and 

(b) a layer of fiberglass bonded to at 45 
least one of said first and second surfaces 

of said layer of foamed thermoplastic 
materials. 

2. The laminate structure of Claim 1 wherein 

said layer of foamed thermoplastic material is 50 
selected from the group consisting of foamed 
potystyrenererte, foamed styrene maleic anhy- 
dride polymer, foamed polyethylene, foamed 
styrene-acrylonitrile and other foamed copoly- 
mers of styrene. 55 

3. The laminate structure of Claim 2 wherein 
said layer of foamed thermoplastic material is 
foamed polystyrene. 

4. The laminate structure of Claim 2 wherein 

said layer of foamed thermoplastic material is 60 
foamed styrene-maleic anhydride polymer. 

5* The laminate structure of Claim 1 wherein 
said layer of fiberglass is bonded to said first 
and second surfaces of said foamed thermo- 
plastic material. 65 



6. The laminate structure of Claim t wherein 
said layer of fiberglass is Impregnated with a 
resin. 

7. The laminate structure of Claim 6 wherein 
said layer of fiberglass is impregnated with an 
acrylic resin. 

8. The laminate structure of Claim 6 wherein 
said layer of fiberglass is impregnated with a 
polyurethane resin. 

9. A moisture-resistant, moidable, thermofor- 
mable laminate structure comprising: 

(a) a layer of foamed thermoplastic 
material, said layer having first and second 
surfaces; and 

(b) a layer of fiberglass bonded to said 
first surface of said layer of foamed 
thermoplastic material; 

(c) a second layer of fiberglass bonded 
to said second surface of said layer of 
foamed thermoplastic material, a layer of 
nonwovfin fabric bonded to said second 
layer of fiberglass, a second layer of 
foamed thermoplastic material bonded to 
said layer of nonwoven fabric and a second 
layer of nonwoven fabric bonded to said 
second layer of foamed thermoplastic 
material. 

10. The laminate structure of Claim 9 wherein 
said layer of foamed thermoplastic material is 
selected from the group consisting of foamed 
pofystyrenerene, foamed styrene maleic anhy- 
dride polymer, foamed polyethylene, foamed 
styrene-acrylonitrile and other foamed copoly- 
mers of styrene. 

11. The laminate structure of Claim 10 wherein 
said layer of foamed thermoplastic material Is 
foamed styrene maleic anhydride. 

12. The laminate structure of Claim 10 wherein 
said layer of foamed thermoplastic material is 
foamed polystyrene. 

13. The laminate structure of Claim 9 wherein 
said first and second layers of fiberglass are 
bonded to said first and second surfaces of said 
layer of foamed thermoplastic material with a 
resin. 

14. The laminate structure of Claim 13 wherein 
said resin is an acrylic resin. 

15. The laminate structure of Claim 13 wherein 
said resin Is a polyurethane resin. 

16. The laminate structure of Claim 9 wherein 
said first and second layers of fiberglass are 
impregnated with a resin. 

17. The laminate structure of Claim 16 wherein 
said first and second layers of fiberglass are 
impregnated with an acrylic resin. 

18. The laminate structure of Claim 16 wherein 
said first and second layers of fiberglass are 
impregnated with a polyurethane resin. 

19. A method of manufacturing a moidable, 
thermoformable laminate structure comprising: 

(a) producing a layer of foamed thermo- 
plastic material having first and second 
surfaces; 

(b) coating at least one of said first and 
second surfaces with an adhesive ; and 
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c) bonding a layer of fiberglass to said 
adhesive coated surface of said foamed 
thermoplastic material. 
2D. Trie method of Claim 19 further including 
bonding a thermoplastic polymer skin to said 5 
layer of fiberglass. 

21. A method of manufacturing a moldable, 
thermoformable laminate structure comprising: 

(a) producing a layer of foamed thermo- 
plastic material having first and second 10 
surfaces; 

(b) impregnating a layer of fiberglass 
with a resin dispersed within a solvent; 

(c) drying said resin-impregnated layer 

of fiberglass; and 15 

(d) bonding the dried resin-impregnated 
layer of fiberglass to at least one surface of 
the layer of foamed thermoplastic material 
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